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Adhesion state detection by vision and its application to 
automatic micro manipulation 
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In our previous paper, we proposed a method for reducing adhesion forces by oscillation. If the 
oscillated endeffector gets close to the object on the substrate, contacts with it, and lower mode
frequencies are excited, then the adhesion force between the endeffector and the object decreases. 
However, the following problems have not still been resolved: (1) Since adhesion state was checked
by analyzing the data obtained by laser displacement meter, this method is available in only limited
situations. Then, it is hard to apply the checking method to the automatic manipulation. (2) Automatic 
checking system for adhesion state was not developed. (3) Automatic micro manipulation system was
not developed. Considering the above, in this paper, we propose a method to automatically check 
adhesion state by vision. Firstly, we develop a method to estimate the amplitude of the oscillation 
using the blur in the image resulted from the oscillation. We call the corresponding value to the
amplitude AIV (amplitude indicating value). Then, we develop a method for checking adhesion state 
by AIV. Based on the checking method, we develop a automatic micro manipulation system for pick 
and place operation. The validity of our method is shown by experiments. 
 
Key Words : Micromachine, Electromagnetic Induced Vibration, Piezo-Element, Image     
Processing, Motion Control, Micro Manipulation, Adhesion Forces 



















































































Fig. 1  Target System 
 





















































(a)  y = free 
(b)  y = 3 
(c)  y = 8 
 
Fig. 4 Oscillation of endeffector measured by laser displacement meter 
 
Fig. 3 Experimental set up for investigating adhesion 










































れるi番目のpをpu-i ，Pu に含まれるpの数をn，Pb に
含まれるi番目のpをpb-i ，Pb に含まれるpの数をm
とおく．pk-i ( },{ buk ∈ ) とpk-iに最も距離が近いエ
ンドエフェクタのエッジ（以下最近接エッジと呼




ll −= ,max max  （1） 
 
lmax を用いて，以下のような領域 Xk-i を各 
kik P∈−p  ( },{ buk ∈ )に対して求める． 






Oscillation is not excited 
Oscillation is excited  
Fig. 5 Image concentration gradient 
grey-scaled
smoothed and binarized
detect the position of  
endeffector using template 
maching
search suitable points for 
tracking
set       and  
(tracking points around upper 
and bottom sides)
set the region        and




derive cui-max and cbi-max 
(the maximum concentration 
gradients in the        and         )  
derive cu-avg and cb-avg
 (the averages of cui-max, cbi-max)
ibp −
avgbavgua −−= c-c



























































ik ,X （2） 
 




Xk-i 内の濃度勾配の最大値を cki-max とおく．各 pk-i 






















































































y  Bottom side 
Upper side 
 


















Fig. 10 AIV for 1-4th mode frequencies 
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variable range of AIV
 
Fig. 12 AIV's when adhesion force is reduced and not 
reduced (AIV is shown by range because AIV when 
adhesion force is reduced changes with the change of 
amount of pushing the object) 
 
Fig. 11 Overview of the experiment for checking 











Fig.15 Overview of the experiment for automatic pick 









































find tip positions of the endeffector and the subendeffector, and 
geometric center of the object by template matching
pinch the object between the endeffector and the subendeffector.
remove the object from the substrate by moving the endeffector and 
the subendeffector.
remove the endeffector from the object.
Fig.13 flowchart for picking operation 
find tip positions of the endeffector and the subendeffector, geometric center of 
the object, and the position of the substrate by template matching
move the subendeffector to place the object on the substrate
move the endeffector to nearby the object
calculate AIV and set the AIV as a reference AIV
move the endeffector along y direction by small step so that the endeffector can 
get closer to the object
calculate AIV and derive the difference from the reference AIV.
Is the difference is included in the range of from ω1 to ω2 ?
remove the subendeffector from the object.
remove the endeffector from the object.
Yes
No
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